Introduction
After using mutagenic agents a reduction of fertility can often be observed in distinct mutants.
There are three causes inducing this reduction belonging to two different types of mutation.
The first one is connected with chromosomal alterations, the second group is related with gene mutations.
If reciprocal translocations arose in surviving initial cells of the irradiated embryo, a ring of four chromosomes during the late stages of meiotic prophase and metaphase I is formed, causing semisterility, if chromosomes are randomly distributed during anaphase I. On the other hand a group of genes exists in the genome of every species controlling pairing of homologous chromosomes during the early stages of meiotic prophase.
If one gene of this group changes from the dominant to the recessive condition, failure of pairing occurs and an asynaptic mutant is obtained.
Genes of this group are known in Zea (Beadle and McClintock 1928, Beadle 1930) , Crepis (Richardson 1935) and Sorghum (Ross, Sanders and Franzke 1960) . A second group of mutant genes does not influence pairing of homologous chromosomes but causes reduction of number of chiasmata. In these cases a different number of univalents is formed resulting in manifold irregularities during meiosis.
According to Rieger and Michaelis (1958) we designate this phenomenon "desynapsis " . Reports of such a behaviour were published by Mann-Lesley and Frost (1927) , Armstrong and Huskins (1934) in Matthiola, Beadle (1930 , 1933 in Zea, Clausen (1931) , Goodspeed and Avery (1939) in Nicotiana, Ekstrand (1932) in Hordeum, Richardson (1935) in Crepis, Prakken (1943) in Secale and Soost (1950, 1951) in Lycopersicon.
In Pisum, a pure line showing a high proportion of univalents was studied by Koller (1938) . In our X-ray experiments in Pisum sativum, not only several different mutants of this type but also lines with reciprocal translocations could be selected. In the present paper the results of our cytological investigations concerning two desynaptic mutants are described. Mutants 19A and 72A can not be distinguished from normal plants during ontogenetic development before seed production because the mutant genes do not influence growth and viability. However, a striking reduction of number of seeds per pod is evident. Consequently, the shape of pods is altered in a characteristic manner enabling us to state the segregations of the mutant genes. This decrease of fertility is due to distinct irregularities during first meiotic prophase.
Material and methods
Both of these mutants show strong reduction of number of bivalents and many univalents occur. In the left hand part of Fig. 2 Because of the large number of univalents many anomalies can be ex pected during the later stages of meiosis. During telophase I and interphase I we found a wide variation of chromosomal distribution . Considering a total of 580 PMC of mutant 19A, only 75 contained two nuclei at the end of the first meiotic division, that is a proportion of 12 .9%.
In the other cells all distributions could be found which are theoretically conceivable . The most frequent distributions were two chromosome groups+one single chromosome or 2+2 (Fig. 5) In Figs. 6 and 7, two PMC of mutant 72A are illustrated, undergoing late telophase II. Fig. 6 shows besides from the four main groups some additional chromosome groups and some isolated chromosomes, while in the PMC illustrated in Fig. 7 In respect of behaviour of nucleoli during meiosis of Pisum, we could confirm the findings of Hakansson and Levan (1942) . Besides of normal nucleoli within the nuclei one or more additional ones in the cytoplasm could be observed in our material.
During passage from late prophase to metaphase I normal dissolution of all nucleoli present occurs. During the latest stages of meiosis the total number of nucleoli was strikingly high: 1-4 within the nuclei and the same number abroad. This is also valid for our mutants, even for such PMC showing a very high degree of meiotic irregularities. Considering cells possessing 8 or 10
goner after the end of meiosis nucleoli within and abroad of nuclei were found in each gone (Fig. 8) . As only four satellite-chromosomes are present in the whole PMC after the end of second meiotic division, production of nucleoli must occur without any assistance of satellite-chromosomes in many gones. In Fig. 9 Comparing mutants 19A and 72A clear differences in the degree of reduction of fertility were found.
In 19A, 33-37%/ of all pods without any seeds were present during X5-X7-generation, while the proportion of legumes containing only one kernel was about 50% . Considering mutant 72A the corresponding values were 70 or 21-32%, respectively. If we compare these data of decrease of fertility with the cytological findings on meiotic irregu larities in microsporogenesis a very good agreement with respect to the action of the mutant genes can be stated. In both cases the degree of anomalies is considerably higher in mutant 72A than in 19A. Therefore we can conclude that quite corresponding meiotic irregularities occur in micro and macrosporogenesis although it is not possible to study these anomalies directly in the embryo sac mother cells.
The segregations of the mutants were stated during X3 and X4-generation.
The results are set out in Table 1 . In mutant 19A, a statistically signi ficant difference to the 3:1 ratio could be found, while the values of mutant 72A agreed with the assumption of a 3:1 segregation ratio. Considering these findings there is no doubt that the meiotic irregularities observed are due to the action of mutant recessive genes.
Discussion
As exhibited above, meiotic irregularities of our mutants are due to an abnormal chromosomal behaviour during the middle stages of prophase . Although pachytene can not be analysed in Pisurn there is no doubt that homologous chromosomes undergo normal pairing. The mutant genes do not cause asynapsis but they influence chiasma formation.
Therefore they belong to the group of "desynaptic" genes starting efficiency at the end of pachytene. The primary action of these genes generally consists in reduction 1) The same gene changed in two different embryos during our radiation experiments.
2) Two different genes of the genome changed showing a high agreement in respect of their action on the course of meiosis.
3) Two different alleles of a multiple series changed during the same trial. Some mutants more showing quite similar abnormalities are known in Pisum sativum.
The first one was investigated by Koller (1938) , correspond ing in respect of the degree of meiotic irregularities to our mutant No. 19A. Two mutants more were studied by Gottschalk and Jahn (1964) , one of them showing a somewhat different meiotic behaviour compared with the mutants presented in this paper. Consequently 5 desynaptic mutants of Pisum sativum are known and it will be possible to clear the relations between four of them by means of hybridizations during the next years while the fifth one is not available.
Concerning our results we can conclude that the genome of Pisum contains several groups of different genes or one or several series of multiple alleles causing reduction of chiasmata frequency in a recessive condition. Normal meiosis can exclusively occur when all genes of this group are present in the dominant state. As corresponding findings are known in M atthiola (Mann-Lesley and Frost 1927, Armstrong and Huskins 1934) , Zea (Beadle 1930 (Beadle , 1933 Literature cited
